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The title compound, [Cu(C 12 H 8 N 2 )(C27H 26 P 2 )]C104, crystal- 
lizes with two Cu 1 complex cations and two perchlorate anions 
in the asymmetric unit. Each Cu 1 cation is four-coordinated by 
two P atoms of a l,3-bis(diphenylphosphanyl)propane mol- 
ecule and two N atoms of a 1,10-phenanthroline ligand, with a 
coordination geometry that can be considered as distorted 
tetrahedral. The crystal studied was twinned with a twin ratio 
of 0.786 (2):0.214 (2). 

Related literature 

For related structures, see: Abakumov et al. (1998); Saito et al. 
(2006); Fournier et al. (2004); Affandi et al. (1997); Jin et al, 
(2009); Alanidis et al. (2002). Potential twinning was indicated 
by PLATON (Spek, 2009) and confirmed using ROT AX 
(Parson & Gould, 2001) as included in the WinGX suite 
(Farrugia, 1999). 
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Experimental 

Crystal data 

[Cu(C 12 H 8 N 2 )(Q 7 H 26 P 2 )]C10 4 

M, = 755.61 

Monoclinic, Cc 

a = 16.6548 (15) A 

b = 12.9238 (12) A 

c = 32.936 (3) A 

8 = 90.126 (1)° 

Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T mi „ = 0.708, r max = 0.852 

Refinement 

R[F 2 > 2a(F 2 )] = 0.038 
wR(F 2 ) = 0.074 
5 = 0.91 

10139 reflections 
884 parameters 
2 restraints 



V = 7089.2 (11) A 3 
Z = 8 

Mo Ka radiation 
fi = 0.83 mm~' 
T = 298 K 

0.45 x 0.40 x 0.20 mm 



10139 measured reflections 
10139 independent reflections 
8324 reflections with / > 2a(I) 
R iM = 0.035 



H-atom parameters constrained 
A/w = 0.34 e A" 3 
Apmi„ = -0.27 e A~ 3 
Absolute structure: Flack (1983), 

6243 Friedel pairs 
Flack parameter: -0.009 (12) 



Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and Mercury (Macrae et al, 2008); 
software used to prepare material for publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LR2032). 
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[l,3-Bis(diphenylphosphanyl)propane-A^ / , ^P'](l,10-phenanthroline-A^ AyV)copper(I) perchlorate 
Y.-L. Xiao, L.-L. Zhou, S. Gao, Q.-H. Jin and C.-L. Zhang 

Comment 

There has been an increasing interest in the photophysics and photochemistry of Cu 1 complexes in the last few decades. 

Especially Ci^complexes of mixed ligand phosphines and 1,10-phenanthroline (phen) have been often used as interest- 
ing emitters. Among the diphosphine ligands known in the literature, l,3-Bis(diphenylphosphanyl) propane (dppp) is ex- 
tensively studied since dppp is a very efficient bidentate ligand to lock one metal atom (Abakumov et a/.,1998;Saito et 
a/.,2006;Fournier et a/., 2004; Affandi et al., 1997). As a part of the extension of our study on photophysical properties of 
copper(I) complexes with ligands containing phosphine and nitrogen atoms(Jin et al, 2009), we synthesized a new complex 

with the formula [Cu(dppp)(phen)] + (CIO4)" . 

The bond distances, bond and torsion angles in the two Cu 1 complex moieties present in the asymmetric units are quite 
similar, in fact the two molecules can be almost perfectly overlayed, Mercury (Macrae et al, 2008). Each copper(I) cation is 
four-coordinated by two phosphorus atoms from dppp, and two nitrogen atoms from phen. The angles P — Cu — P, N — P — N 
and P— Cu— N are in the range of 104.71 (12)°-105.03 (12)°, 81.0 (4)°-81.2 (4) and 108.7 (3)°-124.1 (3)°, respectively, 
which confirms the distorted tetrahedral environment around both of the copper(I) cations (Fig. 1). 

Experimental 

A mixture of Cu(C104)2(55.58 mg, 0.15 mmol) and Cu (9.53 mg, 0.15 mmol) were stirred in a solution of CH3CN(15 
ml) and CH2Ci2(5 ml), after half one hour the blue solution became colorless,and then 1,10-phen (39.6 mg, 0.3 mmol) 
and dppp (123.73 mg, 0.3 mmol) were added and the solution stirred for 3 h. The yellow filtrate was allowed to stand at 
room temperature for several days and yellow crystal of the title complex [Cu(dppp)(phen)](C104) were obtained. Crystals 
suitable for single-crystal X-ray diffraction were selected directly from the sample as prepared. 

Refinement 

Metal atom were located from the E-maps and other non-hydrogen atoms were located in successive difference Fourier 
syntheses. H atoms were geometrically positioned and refined in the riding model approximation, with C — H =0.93 and 
0.97 A for aromatic and methylene respectively and Uj S0 (H)=1.2U e q(C). 

Potential twinning was indicates by PLATON (Spek, 2009) and confirmed using ROTAX program (Parson & Gould, 
2001) as included in the WINGX suite (Farrugia, 1999). Refinements were done using the twining matrix [-1 0 0, 0 -1 0, 
0 0 1], which gave a twin ratio of 0.786:0.214 (2). 
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Fig. 1. A view of the structure of one of the two geometrically equivalent Cu complex and 
perchlorate moieties present in the asymmetric unit. Atoms are displayed as elliposoids at the 
50% probability level 
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[1,3-Bis(diphenylphosphanyl)propane-K P,P'](1,10- phenanthroline-K iV,iV')copper(l) perchlorate 



Crystal data 

[C U (C 12 H 8 N 2 )(C27H26P2)]C104 

M,-= 755.61 
Monoclinic, Cc 
Hall symbol: C -2yc 
a = 16.6548 (15) A 
b= 12.9238 (12) A 
c = 32.936 (3) A 
(3 = 90.126 (1)° 

V= 7089.2 (11) A 3 

Z=8 



J F(000) = 3120 

D x = 1.417 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 6082 reflections 

6 = 2.7-23.6° 

|i = 0.83 mnT 1 

T=298K 

Block, yellow 

0.45 x 0.40 x 0.20 mm 



Data collection 



Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
J min = 0.708, J max = 0.852 
10139 measured reflections 



10139 independent reflections 

8324 reflections with / > 2a(I) 
R int = 0.035 

©max — 25.0 , Omin — 2.4 

/; = -19-^19 

£ = -15^12 
/ = -39^29 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > IciF 2 )] = 0.038 
wR(F 2 ) = 0.074 
5 = 0.91 

10139 reflections 
884 parameters 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 0 2 ) + (0.0325P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/0) max < 0.001 

Apmax = 0.34 e A~ 3 

Ap m i„ = -0.27 e A~ 3 
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2 restraints 

Primary atom site location: structure-invariant direct 
methods 



Absolute structure: Flack (1983), 6243 Friedel pairs 
Flack parameter: -0.009 (12) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11 *IJ1 


Cul 


0.42671 (4) 


§.122<\\ (5) 


0.39790 (2) 


0.03690 (17) 


PI 


0.47763 (8) 


0.69379 (10) 


0.45975 (5) 


0.0357 (3) 


P2 


0.53343 (9) 


0.75548 (11) 


0.35901 (5) 


0.0358 (3) 


Nl 


0.3358 (2) 


0.8312 (3) 


0.40279 (14) 


0.0331 (11) 


N2 


0.3362 (2) 


0.6372 (3) 


0.37241 (14) 


0.0364 (11) 


CI 


0.3335 (3) 


0.9226 (4) 


0.42048 (19) 


0.0427 (15) 


HI 
1 1 1 


n ^si 7 

U.jo 1 / 


fl Q4Q8 




U.UJ 1 


C2 


0.2656 (4) 


0.9803 (4) 


0.4258 (2) 


0.0503 (16) 


H2 


0.2684 


1.0449 


0.4381 


0.060* 


C3 


0.1945 (4) 


0.9425 (5) 


0.4130 (2) 


0.0557 (18) 


H3 


0.1475 


0.9796 


0.4175 


0.067* 


C4 
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H9 
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0.0723 
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pi n P1A tt 1 A 

cia — ciy — Hiy 


1 1/1 A 

120.4 


P1A P1A PI 1 

c i y — ciu — cz i 


111 i ( a\ 
lll.l (0) 


P1A P1A TJ1A 

C 1 y — C20 — H20 


1 1 A A 

ny.4 


PI 1 PI/1 TJ1A 

C2 1 — C2U — H20 


1 1 A A 

i iy.4 


P1 A P1 1 pu 

C20 — C2 1 — C 1 0 


1 1 A A f£\ 

ny.y (o) 


pm pi i tji 1 
C2U — C21 — H21 


1 1/1 A 

120.0 


pit pn TJ1 1 

Clo — C21 — H21 


1 1/1 A 

120.0 


pn pn pn 
C23 — C22 — C2 / 


inn //r\ 

ii /.y (o) 


PIT P11 D1 

C23 — C22 — rl 


1 11 Q ( C 1 

123.6 (D ) 


pn pn tii 

C2 / — C22 — rl 


1 1 O 1 /c\ 
116.2 (D) 


pn pn piyi 
C22 — C23 — C24 


1 1 o o /o\ 
116.6 (6) 


pn pn un 
C22 — C23 — H23 


1 1/1 £ 

120.0 


pi/i pn T_rn 
C24 — C23 — H23 


1 i/i /; 
120.0 


pic pn pn 
C25 — C24 — C23 


1 11 A /A\ 

i22.y (y) 


PIC Piyi T11A 

C25 — C24 — H24 


118.6 


C23— C24— H24 


118.6 


C24— C25— C26 


118.2 (8) 


C24— C25— H25 


120.y 


C26— C25— H25 


120.y 


C25— C26— C27 


121.6 (8) 



ri r a nri C ~) 

CM — Cj3 — CjZ 


1 1 f 1 /CA 

115.1 (5) 


CM — Cj3 — hlj3A 


1 AO C 


/'Cl /"ICQ TTCQ A 

CjZ — Cj3 — hlj3A 


1 AO C 


ri C /I /"id I I C"J D 

CM — Cj3 — hlj3B 


1 AO C 


pel IJCQD 

CjZ — Cj3 — hlj3r> 


1 AO C 

1U6.3 


hi j 3 A — C J 3 — hi j 3B 


1 A"7 C 


/■ • c i /~i c a n 1 
Cj3 — CM — r4 


1 1 1 A 

ii2.y (4) 


/-icq rif/| I I C 1 A 

Cj3 — Cj4 — hlj4A 


1 AQ A 

luy.u 


r4 — Cj4 — hi MA 


1 AA A 

luy.u 


Cj3 — CM — hlMr> 


1 AA A 

luy.u 


n i r^cA tic 1 id 
r4 — Co 4 — hlj4r> 


1 AA A 

luy.u 


IIC , 1 A PC yl IIC 1 1) 

hlMA — Cj'h — hlMB 


1 A"7 O 
1U /.6 


Cjo — Cjj — CoU 


1 1 A yl { £\ 

i iy.4 (0) 


f • riff no 

Cjo — Cjj — r3 


1 11 £ /CI 

123.0 p ) 


CoU — Cjj — r3 


inn /c\ 
11 / .U {?) 


riff f^C£ /" • C"7 

CD D — Cjo — Cj / 


1 1/1 1 /o\ 
12U.1 (6) 


riff f^C/Z TTf/T 

Cjj — Cjo — hi jo 


1 1 A A 

ny.y 


Cj / — Cjo — hlJo 


1 1 A A 

ny.y 


Cjo — Cj / — Cjo 


1 1 A O /Ol 

ny.6 (6) 


rifo r^zH ttc*7 

Cjo — Cj / — hlj / 


1 in 1 

12U.1 


Cjo — Cj / — hlj / 


1 i/i 1 
12U.1 


rcn pro r^zn 
CjV — Cjo — Cj / 


1 1/1 A ZO\ 

i2u.y (6) 


C cc\ f^ZQ l icy 
CjV — Cjo — hi jo 


1 1 Q C 

i iy.j 


/" • C "7 rif Q TJCO 

Cj / — Cjo — hlJo 


1 1 A C 

i iy.j 


rifo pen f^£.f\ 

Cjo — Cjy — CoU 


1 1 A A /A\ 

ny.y (y) 


rir o riff) nc n 

Cjo — CjV — hlJV 


1 1/1 A 

12U.U 


CoU — CjV — hlJV 


1 1/1 A 

12U.U 


riff rirn rif n 

Cjj — CoU — CjV 


1 1 A A /"7\ 

ny.y (/) 


riff ri rr\ i i/n 

Cjj — CoU — hloU 


1 in 1 

12U.1 


rif n rirn i ir.n 

CjV — CoU — hloU 


1 i/i 1 
12U.1 


Coo — Co 1 — Coz 


1 1 O 1 l £L\ 
116.1 (0) 


r' r r r^ r i t^o 

Coo — Co 1 — r3 


1 1 A 1 /C\ 

iiy./ (d) 


CoZ — Co 1 — r3 


1 11 1 /c\ 

122.1 (3) 


Col — CoZ — Co3 


111 H 
lll.l (0) 


Co 1 — CoZ — hloZ 


1 1 A 1 

ny.i 


Co3 — CoZ — hloZ 


i i n i 

ny.i 


Co4 — Co3 — CoZ 


line /"7\ 

ny.D (/) 


r^r ,/i ( '^1 1 1 r, "j 

Co4 — Co3 — hlo3 


1 1A 1 

12U.3 


CoZ — Co3 — hlo3 


1 i/i i 
12U.3 


r^ci c^ca r^tiz 
Co3 — Co4 — Co j 


1 1 A A /"7\ 

ny.y (/) 


Co3 — Co4 — hlo4 


1 1A 1 

12U.1 


Co J — Co4 — hlo4 


1 i/i 1 
12U.1 


r"~i r" r" rye rir/i 

Coo — Co j — Co4 


1 1 A A /"7\ 

ny.y (/) 


C66 — C65 — H65 


120.1 


C64— C65— H65 


120.1 


C61— C66— C65 


121.0 (6) 


C61— C66— H66 


119.5 


C65— C66— H66 


119.5 


C68— C67— C72 


117.2 (5) 
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PTC Pl*r Hi/. 

Czj — Czo — hlzo 


nn i 

i iy.z 


Cz / — Czo — hlzo 


i i n t 

i iy.z 


/^"t/Z 

i^ll — Cz / — Czo 


1 in t /"7\ 
12U. / {/) 


PT) TTT7 

Czz — Cz / — hlz I 


i i n 7 

ny. / 


P") / I I "> "7 

Czo — Cz / — hlz 1 


i i n t 

i ly. / 


fin no p - i i 

czy — czo — C33 


lion 

11 5. / (o) 


fin no m 
Czy — Czo — rz 


1 1 A A 

1Z4.U (D) 


C33 — Czo — rz 


in i //i\ 
11 /.3 (4) 


no nn pin 
Czo — Czy — C3U 


i in *7 
lly. / (o) 


pto pm i nn 

Czo — Czy — hlzy 


1 in i 

IzU.z 


pi r\ pm inn 

C3U — czy — hizy 


1 in i 

IzU.z 


PI i pin P^m 

C3 1 — C3U — czy 


111 A (o) 


pi 1 pin 1 1 "j p. 
C3 1 — C3U — hl3U 


1 1 n i 

1 iy.3 


/""'in pin 1 1 i/i 

Ciy — C3U — hl3U 


i i (i i 

iiy. 3 


pn pi i pin 
C3Z — C3 1 — C3U 


non /'*7\ 

iio.y (/) 


pn pi i iiii 
C3z — C3 1 — hl31 


1 in c 
12U.J 


Pin p 1 1 in i 
C3U — C31 — hl31 


1 in c 
lZU.!> 


pi i pi -> pn 
C3 1 — C3Z — C33 


1 in t /"7\ 
IzU. / (/) 


pi i pn i|i") 
C3 1 — C3Z — hl3Z 


i iy.o 


pi i pn nil 

C33 — C3z — hl3z 


1 1 A / 

1 iy.o 


pi-i p 1 1 piy 

C3Z — C33 — Czo 


1 in c 
IZU. j {o) 


pn pi i mi 
C3Z — C33 — hl33 


1 1 n *7 

ny. / 


pi o pi i nn 
Czo — C33 — hl33 


1 1 n *7 

ny. / 


P1 n pi >i pi c 
C3y — C34 — C3j 


in o 
11 /.o (j) 


pi n p i /i ni 
C3y — C34 — rZ 


111 *7 (A \ 

YL5.I (4J 


P1 c pi /i r>-> 

C35 — C34 — F2 


1 1 O /I (Z\ 

118.4 (5) 


PI / PIC pi /I 

C3o — C3j — C34 


111 1 (H\ 

lzl.1 (/) 


pi/, pic I 1 1 r 

C3o — C3j — rl33 


1 ly. j 


pi /i pic [ 1 1 r 

C34 — C3:> — hi 3d 


i m c 

ny. j 


PI -7 pi/ pif 

C3 / — C3o — C3D 


iiy.o (o) 


p n p i /c ill/' 
C3 / — C3o — hl3o 


1 in i 

IzU.z 


PIT PI/- III/' 

C35 — C3o — hl3o 


1 in i 

IzU.z 


/'I / pi -7 pi Q 

C3o — C3 / — C3o 


1 m a t /z\ 
1ZU.4 (o) 


/'i / pi -7 i in 
C3o — C3 / — hi 3 / 


lino 

iiy.o 


pio pi -7 i in 
C3o — C3 / — hi 3 / 


nn o 

i iy.o 


pn pio pm 
C3 / — C3o — C3y 


IzU. / {/) 


pi 7 pio nio 

C3 / — C3o — hi3o 


i iy.o 


pi q pig i jiti 

C3y — C3o — hi3o 


i i n /: 

i iy.o 


pi o pm pi /i 
C3o — C3y — C34 


1ZU.3 (o) 


pio pm i nn 
C3o — C3y — hl3y 


nno 

iiy.o 


pi ,/i pin tiki 
C34 — C3y — hl3y 


hoc 

i iy.o 


1VJ4 p nn 7 tsj-2 

IN H V UZ, IN D 


qi 4s n ^ 


N4 — Cu2 — P3 


119.94 (13) 


N3 — Cu2 — P3 


116 47 (13) 


N4— Cu2— P4 


111.65 (14) 


N3— Cu2— P4 


122.40 (13) 


P3— Cu2— P4 


104.56 (6) 


N2— Cul— PI— C16 


46.7 (3) 


Nl— Cul— PI— C16 


139.5 (2) 



p /: q pp7 n 1 

Coo — Co / — h4 


nnn / c\ 

ny.y 


C /z — Co / — r4 


1 11 n /c\ 
IzZ.y {J) 


p/n ppv> pp7 

Coy — Coo — Co / 


111 c 
Izl.D (0) 


Coy — Coo — hloo 


no 7 

1 iy.3 


f^£.H P/.O i i/o 

Co / — Coo — hloo 


1 1 n 1 

1 iy.3 


pHA P^ /C /I P /C O 

c /u — Coy — coo 


nnn ( c\ 

ny.u (0) 


p-7p, P/ZQ U/ZQ 

c /(J — coy — hioy 


1 m ^ 
IZU. j 


p /" Q p/TA I i/n 

Coo — Coy — hioy 


1 m c 
1ZU.D 


p/n p-7r\ p-7 1 

Coy — c /u — c / 1 


111 (H\ 

Izl.o (/) 


p/n pan 1 1 -7/1 

Coy — C /U — hi /u 


1 in i 

1 iy.z 


p-7 1 p-7n Tu*7n 
C / 1 — C /U — hi /U 


1 1 n 1 

1 iy.z 


P~"7/\ p-7 1 p-7-> 

C /(J — C / 1 — C 11 


1 m n \ 
IzU.U (/) 


p^7n P7| Tjni 

C /U — C / 1 — rl / 1 


1 in n 
12U.U 


p-71 p7| I I "7 1 

C 11 — C / 1 — hi / 1 


1 in n 
IzU.U 


p-7 1 P-71 P / "7 

C / 1 — C 11 — Co / 


1 in *7 
IzU. / (0) 


C / 1 — C 11 — hi 11 


1 1 A / 

1 iy.o 


p / "7 P"71 TJ-71 

Co / — C 11 — hi 11 


1 1 A / 

1 iy.o 


C /4 — C /3 — C /o 


1 1 & n / £\ 

iio.y (0) 


P-7/1 p-71 T>/1 

C /4 — C /3 — r4 


110/: ( c\ 

1 lo.o \p ) 


p-70 p-71 n /i 
C /o — C /3 — r4 


1 1/1 c /c\ 
1Z4.J (j) 


p-71 p-7/| p -7 c 

C /3 — C /4 — C / D 


1 in 0 /o\ 
IzU.o (0) 


P"71 p-7, /I TT-7,/| 

C /3 — C /4 — hi /4 


1 1 Q fi* 

1 iy.o 


P7C p-7 y| TT-7/1 

C / J — C /4 — hi /4 


1 1 n £ 

iiy.o 


p -7 / P"7C p-7 /| 

C /o — C / -) — C /4 


nnc / n\ 

lly.j (y) 


p-7/T p-7C TT-7C 

C /O — C / D — rl / j 


1 in 1 
IZU.Z 


p-7 y| f^HZ TT*7C 

C /4 — C / J — hi / j 


1 in 1 

IzU.z 


p-7 -7 p-7/: P"7C 

C / / — C /o — C / D 


1 1 n 1 /n\ 

ny. 3 (y) 


p-7 -7 p -7 / I I -7 / 

C / / — C /o — hi /o 


1 in i 
1ZU.3 


P7C p -7 / I I -7 / 

C / j — C /o — hi /o 


1 in 1 
12U.3 


p-7/ p-7 -7 p-70 

C /o — C / / — C /o 


1 in n / 1 n\ 
IzU.y (1U) 


p-7/: p-7 -7 1 1 -7-7 

C/o — C// — hi// 


1 1 A / 

1 iy.o 


p-70 p-7 -7 I I -7-7 

C /o — C / / — hi / / 


1 1 ft a 

1 iy.o 


p-7 -7 p-70 p-71 

C / / — C /o — C /3 


1 11 z. /o\ 
1ZZ.D (O) 


p-7 -7 p-70 TJTO 

C / / — C /o — hi /o 


1 |Q 7 

1 lo. / 


p-71 p-7Q TT*70 

C /3 — C /o — hi /o 


1 1 O *7 

1 lo. / 


p. /i pi 1 p. 1 

<J4 — CI 1 — <J 1 


1 1 n 0 ( z\ 
1 1U.0 [p ) 


p. /I P1 1 p,1 

U4 — CI 1 — <J3 


III C /C\ 

1 1 1.3 (j) 


p. 1 pi 1 pii 
Ul — Cll — U3 


1 no 1 si\ 

iuy.z {3 ) 


p /i pi 1 pi-) 
<J4 — CI 1 — <Jz 


1 n*7 0 /c\ 
1U/.0 {D) 


/ \ 1 pi 1 Pii 
Ol — Cll — Uz 


1 no 1 / /i \ 
lUo.l (4) 


P,1 pii PjI 

U3 — CI 1 — Uz 


1 no a fz.\ 

iuy.4 p ) 




110 7 


06 — C12 — 08 


108.8 (5) 


05 — C12 — O8 


108.1 (4) 


O6— C12— 07 


111.0(4) 


05— C12— 07 


110.7 (3) 


O8— C12— 07 


107.5 (4) 


N4— Cu2— P3— C55 


-135.9 (3) 


N3— Cu2— P3— C55 


-40.4 (3) 
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do ( \, 1 n 1 p 1 /c 
r z — Cu 1 — r 1 — C 1 o 


m z: /oa 

— yi.o (zj 


n 1 P,,0 DO pre 

r4 — Cuz — r3 — Cj j 


AO A ZO\ 

yo.u (z) 


\n p, , i n i roo 
JN z — CU 1 — r 1 — Cz z 


*70 *7 /OA 

— /o. / (z) 


XT /I /^,,o do rv. 1 
JN4 — CUZ — ¥5 — Col 


10 o /o\ 
— 13.3 (3) 


mi p.. i n i p~> ~> 
JN 1 — Cul — r 1 — Czz 


1/11 /oa 

14.1 (2) 


MO Z^,,0 DO P/: 1 

JN 3 — CUZ — r 3 — Co 1 


OO o /0\ 

oz.z (3) 


r Z — CU 1 — r 1 — Czz 


1/10 1 /oa 

143.1 (Z) 


D 1 /^,,0 DO p/: 1 

r4 — Cuz — r 3 — Co 1 


1 OA A ZO\ 

— 13y.4 (Z) 


JN Z — CU 1 — r 1 — C 1 3 


Uf 1 /TA 

10 j. / \ L) 


~KTA /~\,0 DO PCI 

JN4 — CUZ — r3 — Cjz 


1 A/l ^ ZO\ 

1U4.0 {I) 


\T1 p„ 1 D1 ^10 

JN 1 — CUl — r 1 — C13 


1 A 1 C /'OA 
— 1U1.J (Z) 


T\J1 /^nO T>0 P CO 

JN 3 — CUZ — r 3 — Cjz 


1 rn A /'OA 

— i jy.y (z j 


r»"» p, , i n i no 
r Z — CU 1 — r 1 — C 1 3 


OO /I /OA 

Z/.4 (2) 


n i ^,,o do p c "» 
V *\ — Cuz — r 3 — C J Z 


01 c /o\ 
-Zl.J {!) 


JN z — CU 1 — r z — C 3 4 


OQ /IA 

/o. j (3 J 


JN4 — CUZ — r4 — CO / 


1 1Q 0 /OA 

13o.Z (zj 


xt i i DO PQ A 

JN 1 — CUl — rz — C34 


n o pj \ 
-1 /.o (3) 


Mi P,,o D/1 p /: -7 

JN3 — CUZ — r4 — Co / 


/I /I /OA 

44.0 (Z) 


n i p, , i do c^ia 
r 1 — CU 1 — r z — C 3 4 


1 0 A O /'OA 
— 13V. / \L) 


T>0 /^nO D/1 p/,-7 

r 3 — CUZ — r4 — CO / 


AA O /OA 

— yu. / (Zj 


\n p, , i n~> no 
JN Z — CU 1 — r Z — C Z o 


AZ A /OA 

— 4j.U (Z) 


XT /I /~\,0 D/1 P11 

JN4 — Cuz — F4 — C /3 


1 1 O /OA 

11.5 (Z) 


Ml P,, 1 DO no 

JN 1 — Cul — rz — Czo 


1/11 o /oa 

— 141.3 (z) 


XTO /"\,0 D/1 PT1 

JN 3 — CUZ — r 4 — C / 3 


O 1 O /OA 

— ol.o (Z) 


r 1 — CU 1 — rz — Czo 


AZL O /OA 
VO.O (2) 


DO /^,,0 D/l P"7 0 

r 3 — CUZ — r 4 — C / 3 


1 /I O A /OA 

i4z.y (Z) 


MO /"< , i r)"> pi f 

JN Z — CU 1 — r Z — C 1 J 


1 ZL /I o /oa 

-104. / (Z) 


XT /I /~\,0 D/1 p C /I 

JN4 — CUZ — F4 — CM 


1 A/l 1 /OA 
— 1U4.1 (Z) 


\i i i do pk 
JN 1 — CU 1 — r Z — C 1 j 


A A A ZO\ 

yy.u (z) 


XTO P. , T D/1 p C /I 

JN3 — CUZ — F4 — Cj4 


1 /:o o /oa 
102.3 (Z) 


n 1 1 do PK 

r 1 — CU 1 — r Z — C 1 J 


OO A ZO\ 
— ZZ.V (Z) 


DO /~\,0 D/1 p C /I 

r 3 — CUZ — r 4 — C J 4 


n 1 pi \ 
Z/.l (Z) 


M1 P,, 1 Ml Z" 1 1 

JNZ — Cul — JN 1 — CI 


1 /3.0 (0) 


XT/1 /~\,0 XTO /"MA 

JN 4 — CUZ — JN 3 — C4U 


1 *70 H /CA 

1 /o. / (p) 


DO / ". . 1 M 1 Z" 1 1 

rz — Cu 1 — JN 1 — C 1 


£A O /'/:\ 

-oy.o (0) 


DO /~\,0 XTO p /] A 

r 3 — CUZ — JN 3 — C4U 


CA C /CA 

jy.j (J) 


t") i p.. i i n 

rl — Cul — JN 1 — CI 


CA O (C\ 

jU.Z (j) 


D A P,,0 XTO p /] n 

F4 — CUZ — JN 3 — C4U 


H 1 A /CA 

-/l.U (j) 


XTO P,, 1 M1 PC 

JNz — Cul — JN 1 — CD 


O A //I \ 

2.9 (4) 


XT A /~\,0 XTO p /I /I 

JN4 — CUZ — JN3 — C44 


O <C //IA 

-2.6 (4) 


DO Pn 1 Ml / " C 

rZ — Cul — JN 1 — Cj 


I 1 A ^ /"1\ 

I I y. j \ j ) 


T>0 /^nO "M^ P/1 /l 

r 3 — CUZ — JN 3 — C44 


1 O 1 A /OA 

— izi .y (3 J 


T") 1 1 XT 1 pr 

rl — Cul — JN 1 — Cj 


1 OA & /"OA 

— 12U.0 (3) 


D/1 /~\,0 XTO P A A 

r4 — CUZ — JN 3 — C44 


1 AO O /O A 

1U/./ (3) 


JN 1 — CUl — JNz — C1U 


—i /y.4 (o ) 


xti r„i xt/1 r^/io 
JN 3 — CUZ — JN 4 — C4y 


1 "7^ Q /^A 

i /j.y pj 


DO /~\,1 M1 pin 

rz — CU I — JN Z — C I U 


01. Z (0) 


DO /^,,0 XT/1 p /( n 

r3 — CUZ — JN4 — C4y 


/"O 0 /CA 

— 0o.3 (j) 


n i p, , i mo pin 
rl — CUl — JNz — C1U 


TO ^ 

— fz.j {o) 


D 1 /~\,0 XT /I P /1 A 

r 4 — CUZ — JN 4 — C4y 


A /^A 
34.4 (j ) 


M 1 P, , 1 MO 

JN 1 — Cul — JNZ — Co 


A 0 (A \ 

-0.3 (4) 


XTO /~\,0 XT /I /^/l C 

JN3 — CUZ — JN4 — C4j 


A O //IA 

4.2 (4) 


TOO 1 M1 P/L 

rz — CU I — JN Z — Co 


1 1 A H S1\ 

— i iy. / (3) 


DO /^,,0 XT A p /I C 

r3 — CUZ — JN4 — C4j 


1 1 A A /OA 

i iy.y (3) 


n i p,,i mo p/l 
r 1 — CU 1 — JN Z — Co 


1 A£ /: /i\ 
1U0.O (3) 


D/1 /"\,0 XT/I p /I C 

r4 — Cuz — JN4 — C4j 


1 1 O /I /OA 

— 11 i A (3) 


PC Ml p 1 PT 

C J — JN 1 — C 1 — Cz 


A C /A\ 

-0.5 (9) 


p a a xto p /i n p/i 1 
C44 — JN 3 — C4U — C4 1 


A £ /OA 

U.O (5) 


p, , i Ml p 1 p~> 

Cul — JN 1 — CI — Cz 


1 *7A A 

—i /u.y (J) 


/~\,0 XTO p /] pi P/l 1 

CUZ — JN 3 — C4U — C4 1 


1 OA 0 //I A 

i /y.3 (4) 


Ml PI PO PI 

JN 1 — CI — Cz — C3 


1 O /1 A\ 
l.Z (1U) 


XTO p A A p /] 1 P/11 

JN3 — C4U — C41 — C4z 


A C /AA 

-u.o (y) 


P 1 PO pQ p /] 

C 1 — Cz — C3 — C4 


O A C\ A\ 

— z.y (iu) 


p /l pi P/l 1 P/IO p /I 0 

C4U — C4 1 — C4z — C43 


A A /AA 

u.u (y) 
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